ods limit the degree to which results from these studies can be compared.
In 1994, the U.S. Geological Survey, in cooperation with the Rio Grande Water Conservation District, the Center Soil Conservation District, and the San Luis Valley Resource Conservation and Development Council, began a study to evaluate the variability of nitrate concentrations in the shallow ground water. The possible sources of nitrate in the shallow ground water also were investigated. This fact sheet describes variability of nitrate concentrations during 1994 and 1995, factors affecting variability, and possible sources of nitrate to the shallow ground-water system.
VARIABILITY OF NITRATE CONCENTRATIONS
Sixteen wells in the study area ( fig. 1) as nitrogen). The wells were completed in the top 10 feet of the shallow, unconfined aquifer. Samples were collected before the irrigation season in April or May and during the irrigation season in July, August, and September.
WHAT ARE THE SOURCES OF NITRATE?
To evaluate possible sources of nitrate, ground-water samples collected during August 1994 and August 1995 were analyzed for nitrogen isotopes. Nitrogen isotope ratios (N 15 /N 14 ) have been used to indicate possible sources of nitrate (Komor and Anderson, 1993; Gellenbeck, 1994) . Nitrogen isotope ratios between -2 and 6 generally are indicative of mineral fertilizer sources; nitrogen isotope ratios between 6 and 10 are indicative of mixed sources or removal of nitrogen from the water by the process of denitrification; and nitrogen isotope ratios greater than 10 generally are indicative of animal-waste sources (Tyler B. Coplen, U.S. Geological Survey, written commun., 1991).
In the study area, nitrogen isotope ratios ranged from 2.9 to 28.6; lower ratios were measured in the southern and western parts of the study area, and higher ratios were measured in the northern and eastern parts of the study ² Nitrate concentrations might be affected by many factors. These include (but are not limited to):
• the current nutrient and water-management practices at individual farms, which may vary from location to location;
• timing and amount of precipitation;
• differences in soil types;
• differences in rates and timing of recharge to the aquifer from the land surface;
• differences in uptake of nitrate due to different crop types, varieties, or rotations;
• cultural practices, such as tillage and residue management;
• differences in nitrogen transformation (denitrification) rates; and
• the elevation of the water table. Greater than or equal to 5 but less than 10
Greater than or equal to 10 but less than 20
Greater than or equal to 20
Nitrate concentrations in milligrams per liter as nitrogen Greater than or equal to 5 but less than 10
Difference between minimum and maximum nitrate concentrations in milligrams per liter as nitrogen The difference between the lowest nitrate concentration and the highest nitrate concentration among the 16 wells during any sampling period ranged from 38 to 71 mg/L. Differences between the minimum and the maximum nitrate concentrations within individual wells among sampling periods ranged from 1.7 to 34 mg/L; differences were greater than or equal to 5 mg/L in 62 percent of the wells and were greater than or equal to 10 mg/L in 44 percent of the wells ( fig. 3 ).
area. Average nitrogen isotope ratios at 7 of the 16 wells were less than 6; average isotope ratios at 4 wells were greater than or equal to 6 but less than 10; and isotope ratios at 3 wells were greater than or equal to 10 ( fig. 5) . Nitrate concentrations at two wells were too low for isotope analysis. Although nitrogen isotope ratios greater than 10, which generally are indicative of animal wastes as a potential nitrate source, were measured at three wells in the study area, low dissolved-oxygen concentrations in the samples collected from the three wells, the presence of sufficient dissolved-organic carbon, and information on site history indicate denitrification probably resulted in the elevated isotope ratios. In the remaining 13 wells, dissolved-oxygen concentrations were higher and dissolved-organic-carbon concentra- tions were lower, inhibiting denitrification. Therefore, it is probable that mineral fertilizers and not organic nitrogen sources (for example, animal waste) are the primary source of nitrate in the shallow aquifer in the study area. This conclusion is supported by studies conducted by LeStrange (1995) .
CONCLUSIONS
The spatial and temporal variability of nitrate concentrations in the shallow ground water of the San Luis Valley make an accurate evaluation of trends in nitrate concentrations difficult. In addition, the ability to accurately assess these trends has been hindered by inconsistencies in past and present sampling designs. Sampling a larger number of wells and incorporating consistent field and analytical methods would make trend detection more feasible. Additionally, the establishment of such a network would aid in the assessment of the cause-and-effect relations of nutrient management and nitrate concentrations. 
